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Abstract-Thirteen-year growth results of 1-O planted loblolly pine seedlings (Pinus taeda
L.) on differently prepared upland mixed pine-hardwood sites located in north western
Louisiana are presented. The study was designed as a randomized complete block
consisting of three blocks of four site preparation treatments, which included: chop and
burn, windrow,  fuelwood  harvest, and fuelwood  harvest followed by an application of
herbicide. Thirteen-year-growth results of the planted pine show no significant height
differences but highly significant diameter differences (P <  0.01). Mean height varied from
40 feet for the fuelwood  treatment to maximum of 43 feet for the windrow treatment. Mean
diameter varied from 5.3 for the fuelwood  and the fuelwood/herbicide treatments to a
maximum of 6.9 inches for the chop and burn site preparation treatments which was
significantly different. The initial performance of the stands change over time and the
potential gains by using herbicides to control hardwoods and by using genetically improved
seedlings was lost because of high plantation density and pine on pine competition.

INTRODUCTION
In 1984 a study was initiated to evaluate the effects of four
s i te  p repara t ion  t rea tments  on  the  so i l  chemica l  and
phys ica l  p roper t ies  and on  the  in f luence o f  compet ing
vegetation on initial loblolly pine growth. The treatments
were chop and burn (CB), windrow  (WR), fuelwood  harvest
(FW), and fuelwood  harvest followed by an application of
two gallons per acre of Garlon herbicide (FW/H).  The early
results of the treatments on soil variables and pine growth
were reported by Slay and others (1987) Slay and others
(1987b) and Lockaby and others (1988),  and generally
re in fo rced  convent iona l  w isdom about  these  s i te  p repara-
tion methods. The treatments with the most traffic such as
the pile and windrow  had the most compaction followed by
the chop and burn. The fuelwood  had the most competing
vegeta t ion  whereas  fue lwood/herb ic ide  had the  leas t
compet ing  vege ta t ion .  The  concen t ra t i ons  o f  po tass ium,
ca lc ium,  magnes ium,  and  o rgan ic  mat te r  genera l l y
followed the pattern of the vegetation (fuelwood > chop and
burn = windrow  z fuelwood/herbicide).

During the last 15 years there has been an evolution of site
preparation techniques. The use of the pile and windrow
and chop and burn are out of favor and are rarely used
today in this region. Fuelwood  harvests, as was done in
this study, are also rarely done. However, intensive utiliza-
tion of the material in our forest sites resembles this
technique. The use of herbicide to control woody vegetation
was in its infancy, and in the time since the application of
this treatment in this study, new herbicides and application
techn iques  have been deve loped and employed.  S ince
severa l  o f  these  s i te  p repara t ion  techn iques  used 15  years
ago are no longer considered the technique of choice, why
then should we look at this older study? The purpose of
this study is to revisit a 15year-old study site to see if the

early growth results had been sustained to the first thinning
and determine effectiveness of various site treatments in
producing wood. Also, if there were differences in produc-
tion patterns at age 14 from the one and the three-year
growth results, an attempt to explain the deviation from the
expected  and ac tua l  measured juven i le  g rowth  per fo r -
mance was  made.

METHODS
The study area, located in northwest Louisiana, is charac-
terized by a warm and humid climate. The themic tempera-
ture regime features a mean annual range from 59-72OF,
and average precipitation is 56 inches per year (Newton
1972). Two soil series occur throughout the area. The Gore
series, a Vertic Paleudalf, composes O-75 percent of the
site; the remaining 25-35 percent consists of the Kolin
se r ies ,  a  Hap l i c  G lossuda l f .  These  so i l s  a re  assoc ia ted
with secondary terraces of the Red River. The site is
homogeneous  w i th  respec t  to  so i l  tex tu re ,  s lope  and
aspec t .  S lope  ranges  f rom 1-5  percen t .

During the summer of 1983 a stand of loblolly pine approxi-
mately 40 years old was removed from the site. In the
summer  o f  1984  four  s i te -p repara t ion  t rea tments  were
ar ranged in  a  randomized comple te  b lock  des ign  cons is t -
ing of three blocks. The treatments were chop and burn
(CB), windrow  (WR), fuelwood  harvest (FW), and fuelwood
harvest followed by an application of two gallons per acre of
Garlon 4 herbicide (FW/H).  The fuelwood  harvest is
equiva lent  to  a  whole- t ree ch ipp ing operat ion and was
somet imes used in  l ieu  o f  s i te  p repara t ion  dur ing  th is
period. The CB  treatment consisted of a single pass with a
drum chopper (pulled by a bulldozer) followed by a broad-
cast burn. The WR treatment was composed of a shearing
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Table l-Third year ground line diameter and height of
loblolly pine saplings planted on four different site prepara-
tion treatments

Treatment Ground line
D iamete r

Total
Height

in ft

Fuelwood/
Herb ic ide

2.4a 9.6a

Chop&burn 2.lb

Windrow 1.8~

8.6b

8.4b

Fuelwood 1.7c 8.lb

Means followed by the same letter are not
significantly different at the P <  0.05 probability level.

opera t ion  combined w i th  p i l ing  o f  sheared  mater ia l  in to
windrows. The windrow  piles were outside the treatment
areas, thus the treatment plots where not affected by the
debris pile nor increased nutrient levels that may result
f rom concent ra t ions  o f  d isp laced so i l  and p i le  and burned
b iomass .  A l l  s i te  p repara t ion  t rea tments  were  done dur ing
the first week of July 1984. All plots were planted (6x8 foot
spacing) the following winter (January 1985) with 1-O
lobiolly  pine seedlings genetically selected for this site.
Treatment plots were one acre in size and the measure-
ment plots were 1110  acre and located in the center of each
treatment plot.

In 1989 the site was revisited to see if the initial growth
results were still as they were after the first year, and to
evaluate the competing vegetation on the different site
prepara t ions .  T rees  w i th in  the  l/l  O-acre  measurement
p lo ts  were  measured fo r  d iameter  (g round l ine)  and he ight ,
and  w i th in  each  measurement  p lo t ,  samples  o f  herba-
ceous  and  woody  compet ing  vege ta t ion  were  taken  f rom
three randomly placed l/1000-acre sample plots. Plant
samples were oven-dr ied and weighed.

In September 1999 the l/10  acre measurement plots were
measured fo r  he igh t  and d iameter  (DBH) .  Vo lume was
calculated using the formula O.O02678D*  H (Baldwin and
Feduccia 1991). Analysis of variance (SAS 1985) was
conduc ted  to  de te rmine  s ign i f i cance  and  Duncan ’s
multiple range test was used to separate the means.

RESULTS AND DISCUSSION
The measurements  in  1989 showed the  same genera l
pattern as the first year results reported by (Lockaby 1988).
The first year results for diameter (GLD) were ranked FW/H
= CB = WR > FW with the FW significantly (P < 0.05)
smaller. The height was not significantly different. The three
year results were ranked FW/H  > CB > WR = FW with the
fuelwood  with herbicide treatment significantly (P < 0.05)
larger in GLD and in height (table 1).

The  measurements  a t  year  14  (1999)  showed a  marked
change in the ranking for diameter (DBH). The ranking was
CB = WR z FW = FW/H  or a complete change from what
was  the  bes t  in i t i a l  pe r fo rming  t rea tment /seed l ing  combi -
nation (FW/H) to being the worst. The CB and WR treat-
ments were significantly (P < 0.05) different from the
fuelwood  and fuelwood  with herbicide. There was no
difference in total height (table 2).

When the 1999 measurements  were  be ing p lanned and
the  ear l ie r  work  rev iewed,  the  assumpt ion  was  made tha t
the fuelwood  with herbicide would be the most effective
treatment because of the initial control of competing
hardwood vegeta t ion  and the  pas t  ear ly  seed l ing  per fo r -
mance on these sites. However, this was not the case and
in the interim the other site preparation treatments were,
over the last IO years, more effective from a diameter
standpoint, and the fuelwood  with herbicide was ranked
last and significantly smaller in diameter than the other
t r ea tmen ts .

When measurements  a t  age  th ree  were  taken ,  the  herba-
ceous  and  woody  b iomasses  were  a lso  sampled .  A t  tha t
t ime there  was  no  d i f fe rence  in  herbaceous  mater ia l
be tween  the  t rea tment  p lo ts .  Woody  b iomass  (hardwood
sprouts) was significantly less (P < 0.05) in the WR
treatment plots but the other site preparation treatments
had the same woody competition. This was a change from
the first year results (Lockaby and others 1988) where the
fuelwood  with herbicide plots had considerably less
compet ing  woody  mate r ia l  w i th  the  o the r  t rea tments
statistically the same. Although this change in competing
woody material had occurred by the end of the third growing
season, it was not reflected in the total growth measured in
each treatment. However, between year three and fourteen
the effect of the herbicide was gone and the growth pattern
of other treatments including the FW with no additional site
work (essentially a check) were as good or better than the
FW/H  site preparation. The two older, more traditional site
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Table 2-Fourteen-year diameter (DBH) and height of
loblolly pine trees planted on four different site prepara-
tion treatments

Treatment D B H Volume PerTotal Height Tree

in ft CUft

C h o p & B u r n  5 . 8 4 1 . 5 4.0a

Windrow 5.6a 41 .Oa 3.7a

Fuelwood 5.3b 41 .Oa 3.4bc

Fuelwood/ 5.3b 40.5a 3.2~
Herb ic ide

Means followed bv the same letter are not significantly different at the
P <  0.05 probability  level.

p repara t ion  t rea tments  (WR and CB)  had produced the
la rges t  d iamete rs .  The  to ta l  he igh t  was  the  same ac ross
the  t r ea tmen ts .

Historically, looking at the development of this stand there
are two reasons that may explain why the seedlings given
the early advantage of freedom from competition did not
main ta in  th is  advantage.  They  are  p lan ted  p ine  seed l ing
numbers  and p lan ted p ine  dominat ion  o f  the  s i te .

The stand was planted on a 6X8  spacing (Slay 1986),
wh ich  i s  908  seed l ings  per  ac re .  These seed l ings  were
genetically improved, and family mixes tested to perform
well on the soil types at the planting site were used. The
survival was 94 percent at the end of the first year or 850
trees per acre. At age three the survival was essentially
unchanged. After age three the crowns began to close and
compet i t i on  became more  and  more  in tense  w i th  each
additional years growth. The close spacing, high survival
and fast growth of the planted pine completely dominated
the stands with little but planted pine remaining when year
14 measurements  were  made.  Wi ld  p ine  seed l ings  and
hardwood observed in the early years of the stand were in
the overtopped position and essentially were not a factor in
the stand.

The planted pine spacing is another matter. The planted
pine on planted pine competition has been very intense in
the treatment stands. Early fast growth and crown closure
negated any advantage of one site treatment over the other.
When the  14  year  measurements  where  taken ,  there  were
still 762 trees per acre and any advantages given early by
cultural treatments or by the use of genetically superior
planting stock were lost in the competition among high
populations of planted trees. The trees in the treatments
having the best early results quickly closed canopy and
slowed growth allowing the other treatments to catch up
and in some cases exceed the total growth after 14 years.
At age 14 the trees in all treatments plots were in less than
des i rab le  phys ica l  cond i t ion  based on observa t ions  o f
c rown percent  and  genera l  fu l lness  o f  the  c rown ind ica t ing
severe competition for several years.

The lesson to be learned from this study is that the advan-
tages of using cultural practices and improved genetic
planting stock can be quickly diminished by the presence of
la rge  seed l ing /sap l ing / t ree  numbers .  T rends  tha t  appear  to
be positive initially may not be maintained with high
numbers of trees. Adjustment of tree numbers at planting
or early in the rotation of the stand is important to keep the
stand growing at its potentional. Ignoring this can, as is the
case in this study, reduce severely the potential of an
adequate or any return on a cultural or genetic investment.
This study may be unusual in that the survival was very high
but it indicates the importance of control of competition not
only from hardwoods or wild pine but control of competition
of the trees that we plant. Without being relatively “free to
grow”, investments early in the stand life may be ineffective.
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